Aims: To compare the prevalence and incidence of respiratory symptoms and lung function values between hairdressing apprentices and office apprentices. Methods: A total of 322 hairdressing apprentices and 277 office apprentices (controls) were studied. Two cross sectional surveys were conducted in 1994 and 1996/97 with longitudinal follow up for a subgroup of apprentices (191 hairdressing apprentices and 189 office apprentices). Results: In the initial phase, the prevalence of respiratory symptoms was significantly lower among hairdressing apprentices than among office apprentices. Lung function test results showed significantly higher values for hairdressing apprentices. Non-specific bronchial reactivity was similar in the two groups. In the final phase, results for respiratory symptoms were similar. The incidence of respiratory symptoms was not significantly different between hairdressing apprentices and office apprentices. Subjects who dropped out had lower values for FVC and FEV 1 in the initial phase than those who completed the final phase. There was a significant deterioration of FEV 1 and FEF 25-75% in hairdressing apprentices compared to office apprentices. There was a link between atopy and the incidence of most of the respiratory symptoms (day/night cough, wheezing, dyspnoea, mucosal hyperresponsiveness) and between smoking and the incidence of bronchial hyperreactivity. There was no significant correlation between change in lung function tests and specific hairdressing activities reported at the end of the apprenticeship or with environmental working conditions in hairdressing salons. Conclusions: Although a healthy worker effect can be suspected, results showed a significant deterioration of baseline values of lung function tests in the hairdressing apprentice group. However, no clear link was shown between change in lung function tests and specific parameters of occupational activities.
H
airdressing involves exposure to several chemicals known to be irritating or allergenic that can cause dermatological or respiratory disorders. In the study by Ameille and colleagues, 1 based on the data collected in the Observatoire National des Asthmes Professionnels, hairdressers seemed to be at high risk of developing occupational asthma in France. The observed prevalence of respiratory diseases among hairdressers varies between 5% and 25%. [2] [3] [4] The range of frequencies reported in previous studies could be due to methodological differences, such as study population, variations in the definition of respiratory disorders, and in the type and method of collection of health parameters (questionnaire, lung function). Although few studies have investigated the respiratory health of hairdressing apprentices, it has been suggested in other groups of apprentices exposed to allergens or metalworking fluids that respiratory disorders may occur soon after starting the apprenticeship. [5] [6] [7] We therefore decided to study respiratory disorders in hairdressing apprentices and to compare their state of health to that of office apprentices not exposed to irritating or allergenic agents during their apprenticeship. This study comprised two cross sectional phases at the beginning and during the last months of apprenticeship. Some of the subjects participated in both phases of the study. The originality of our approach concerns the fact that this study was performed in apprentices and allowed prospective data collection on health parameters with concomitant evaluation of working conditions.
We present the prevalence of respiratory symptoms and the lung function values assessed in each cross sectional phase of the study, and the longitudinal results focusing on the incidence of respiratory symptoms and the change in lung function tests in hairdressing and office apprentices during a three year follow up, with specific attention to certain occupational tasks.
SUBJECTS AND METHODS

Study group
The study population comprised hairdressing apprentices attending a vocational training school situated in Paris, France (Centre de formation d'apprentis A. Croisat) in their first year of training in 1994. All 322 apprentices present in 1994 were invited to participate in the initial phase of the study. The hairdressing apprenticeship usually consists of a three year programme, but some apprentices complete their training in two years. The apprentices were interviewed by the occupational physicians in charge of these apprentices and a physical examination was performed. In the two phases of the study, all participants were invited to undergo respiratory function tests. Follow up was scheduled for the second year and a final phase was planned before the end of training (final phase). During the study follow up period, vocational training was extended to provide places for apprentices who had begun their apprenticeship in another training centre. Another 89 hairdressing apprentices without an initial examination were therefore included in the final phase of the study.
Control group
The control group was selected with a roughly similar gender, age, and socioeconomic category distribution. The control group consisted of office apprentices (secretaries and accountants) attending one of 10 vocational training schools situated in the Val de Marne Department close to Paris in their first year of training in 1994. This category of subjects was selected as controls as they are not exposed to irritating or allergenic agents during their apprenticeship. The usual duration of an office apprenticeship is two years. The total number of apprentices in 1994 was 277. Follow up was scheduled at the end of their training. As for hairdressing apprentices, all office apprentices present at the end of the study were invited to participate in the final phase, whether or not they had participated in the initial phase. An additional 61 office apprentices without an initial examination were therefore included in the final phase of the study.
Questionnaire
An occupational physician questioned the hairdressing apprentices during the occupational medicine examination held during the first months of apprenticeship. Similarly, a school physician interviewed the office apprentices.
A standardised questionnaire (French version derived from the British Medical Research Council (MRC) questionnaire for respiratory symptoms) was used to collect information about the presence of respiratory symptoms, smoking habits, medical history of atopy, and occupational activity during the past 12 months. The hairdressing apprentices were also asked about the frequency of different hairdressing activities: shampoo, permanent waves (involving exposure to thioglycolate, etc), dyeing (involving exposure to various dyeing agents including paraphenyldiamine, henna, etc), bleaching (involving exposure to persulphates), and hair cutting. The findings of a standard clinical examination were also recorded. Data were collected during the same period of the year in both groups for the initial phase (September 1994 to February 1995 for hairdressing apprentices and October 1994 to March 1995 for office apprentices).
The present report focuses on respiratory symptoms and lung function. The following respiratory symptoms were chosen from the data collected in the questionnaire: cough in the morning, cough during the day or night, sputum, wheezing, wheezing with dyspnoea, symptoms suggestive of non-specific mucosal hyperresponsiveness (MHR), defined in this study as the presence of one or more of the following symptoms: fit of coughing, sneezing or runny nose, eye symptoms, and acute dyspnoea.
Lung function
Lung function was measured by expiratory flow-volume curves performed with a spirometer (Fukuda Sangyo, Tokyo, Japan). Trained operators conducted the tests for hairdressing apprentices and office apprentices. They were trained by three senior instructors (JA, DC, JCP). The manoeuvre was repeated 3-5 times (if the first three curves showed poor reproducibility) to select the best curve (best value of FEV 1 +FVC). Only subjects with a variation in FEV 1 +FVC less than 5% were included in the study. The following parameters were recorded: forced vital capacity (FVC), forced expired volume in one second (FEV 1 ), FEV 1 / FVC, and forced expiratory flow 25-75% (FEF 25-75% ). The relative values were calculated using the reference values established by Knudson and colleagues. 8 
Methacholine challenge
A methacholine challenge was performed with an aerosol nebuliser (Mediprom FDC88, Paris, France) which delivered successively increasing doses of methacholine. The methacholine concentration was 2.5 mg/ml. Three increasing doses were delivered to subjects with no history of asthma: 100 mg, 500 mg, and 1500 mg. If the subject reported a history of asthma, the protocol included four doses of methacholine: 50 mg, 200 mg, 500 mg, and 1500 mg. A flow-volume curve was performed after each inhalation of methacholine. Because methacholine challenge was performed in schools, it was decided to interrupt the test if a 15% decrease in FEV 1 was observed compared to the baseline test.
Methacholine challenge was not performed if the baseline FEV 1 /FVC ratio was less than 75% or if the student reported an asthma attack during the previous six months. Two senior investigators (JA, JCP) checked the quality of flow-volume curves. The methacholine challenge was considered to be positive when a 15% fall in FEV 1 was observed and the subject was classified as having bronchial hyperresponsiveness (BHR). Bronchial responsiveness was also evaluated by the methacholine dose-response slope, defined by the percent decline in FEV 1 divided by the final cumulative dose of methacholine administered (expressed in mg), as suggested by O'Connor and colleagues. 9 Occupational condition measures A hairdressing training centre instructor studied the work conditions in various salons attended by hairdressing apprentices during their practical training. The information collected concerned the surface area, type of floor and walls (with or without carpet), presence of a technical area, and presence of mechanical ventilation. This type of workplace description was obtained for 161 salons.
Statistical analysis
The prevalence of respiratory symptoms and baseline lung function values were compared between hairdressing apprentices and office apprentices. We used x 2 tests to analyse respiratory symptoms and BHR, and Student's t tests to analyse baseline lung function and the methacholine doseresponse slope. The methacholine dose-response slope was N Although a healthy worker effect was suspected, hairdressing apprentices had a deterioration of baseline lung function tests during a three year follow up, in comparison with office apprentices.
N The incidence of non-specific bronchial hyperresponsiveness tended to be higher in hairdressing apprentices than in office apprentices.
N No specific hairdressing activity was clearly related to deterioration of lung function.
Policy implications
N Respiratory health surveillance should be reinforced in hairdressers and specific studies should be conducted to study workplace chemical exposures.
N Specific attention should be paid to the lung function of apprentices training in occupations known to be associated with respiratory disorders.
N The overall level of exposure to chemicals in hairdressing salons needs to be minimised.
expressed by the log transformed value [log(slope+0.02)]. Smoking status, age, gender, and atopy were considered to be potential confounding factors. Atopy was defined by a positive answer to one of the following questions: ''Do you have a past medical history of asthma?''; ''Do you have a past medical history of allergic rhinitis?''; ''Do you have a medical history of atopic dermatitis?''.
The determinants of respiratory symptoms and lung function were examined at each cross sectional phase of the study from the information provided in the questionnaire: group status (hairdressing or office apprentices), smoking status, atopy, gender, age.
For the determinants of respiratory symptoms, we used logistic regression analyses with forward stepwise selection of variables. The ''group'' variable was always forced into the model. The determinants of lung function were examined using multiple linear regression models with forward stepwise selection of variables. As sex and age were taken into account in calculation of predicted values, we did not examine these two variables for baseline lung function parameters. Age and gender were examined for the methacholine dose-response slope.
The incidence of respiratory symptoms at the final phase among those subjects who did not report symptoms at the initial phase was compared between hairdressing apprentices and office apprentices. The difference between the percentage of predicted value in 1997 and the percentage of predicted value in 1994 reflected the change in lung function.
We used x 2 tests to analyse the incidence of respiratory symptoms and BHR and Student's t tests to analyse changes in lung function and changes in the methacholine doseresponse slope. The change in the methacholine doseresponse slope was calculated by the difference between the log transformed value of the slopes at the final phase and at the initial phase. We used a Student's t test or one way analysis of variance to analyse changes in lung function according to working conditions.
Predictors of the incidence of respiratory symptoms and change in lung function tests were identified from the data collected by the questionnaire at the initial phase: group status (hairdressing or office apprentices, smoking status, atopy, gender, age).
Multivariate analyses for predictors of the incidence of respiratory symptoms and BHR were carried out using logistic regression with forward stepwise selection of the variables. Predictors of change in lung function were examined by multiple regression models with forward stepwise selection of variables.
Group status was a fixed parameter of the model in all multivariate analyses performed. SAS software was used for statistical analysis. 10 Each student was informed about the objectives of the study and written consent was obtained from the participant or his/her family when under the age of 18 years. This study was approved by a teaching hospital ethics committee (Hôpital Henri Mondor). Figure 1 summarises the participation rates at different steps of the protocol.
RESULTS
Participation
Initial phase (in 1994)
A total of 297 (92%) of the 322 hairdressing apprentices present participated in the questionnaire survey and 239 subjects (74%) participated in the lung function tests. For office apprentices, 248 of the 277 eligible subjects participated in the questionnaire survey (89%) and 124 (45%) participated in the lung function tests.
Final phase (in 1996 or 1997)
A total of 191 of the hairdressing apprentices who participated in the initial examination completed the final examination, which also included 89 additional subjects for the questionnaire survey. A total of 280 questionnaires and 218 lung function tests were available for the final examination. Among the office apprentices, 250 questionnaires and 138 lung function tests were available.
Longitudinal survey
A total of 191 hairdressing apprentices completed the questionnaires and 119 completed the lung function tests (67 had two years of training and 124 had three years of training), while 189 office apprentices completed the questionnaires and 76 completed the lung function tests. 
Main characteristics of the population
Initial phase (1994)
Female subjects represented more than 80% of the population in both groups (table 1). The mean age was 17.1 (1.3) years for hairdressing apprentices and 16.8 (0.9) years for office apprentices (p , 0.001). The frequency of smokers was significantly higher in the hairdressing group than in the office group (p , 0.001). The frequency of atopy at the initial examination was not significantly different between the two groups. Office apprentices presented higher frequencies for *MHR: mucosal hyperresponsiveness, defined in this study as the presence of one or more of the following symptoms: fit of coughing, sneezing or runny nose, eye symptoms, and acute dyspnoea. ÀD: % predicted at the final phase 2 % predicted at the initial phase. Methacholine dose-response slope, defined by the percent decline in FEV 1 divided by the final cumulative dose of methacholine administered. Change in methacholine slope defined as log(slope+0.02) at the final phaselog(slope+0.02) at the initial phase.
all respiratory symptoms considered, as well as the reported frequency of symptoms suggestive of MHR. Lung function values were lower in office apprentices with a significant difference for the relative values of FEV 1 and FEF 25-75% . The frequency of BHR, as assessed by the methacholine challenge, was not significantly different between the two groups.
Final phase
A similar pattern of distribution of clinical and baseline lung function values was observed at the initial phase and at the final phase (table 1) , although a large proportion of the participants in this phase were not the same as those participating in the initial phase (fig 1) . The frequency of subjects reporting symptoms suggestive of MHR was always higher among office apprentices than among hairdressing apprentices. This percentage was higher than at the initial phase in hairdressing apprentices and slightly lower in office apprentices. Work relatedness of wheezing and/or dyspnoea was reported by the occupational physician in 3.6% of hairdressing apprentices and 0% of office apprentices (p , 0.001).
The main finding was the percentage of subjects with a 15% fall in FEV 1 on the methacholine challenge test, which was significantly higher among hairdressing apprentices than among office apprentices in the final phase.
Incidence of respiratory symptoms and change in lung function tests Table 2 shows the incidence rates of respiratory symptoms and the change in lung function tests in the two groups. No significant difference was observed between the two groups for the incidence of respiratory symptoms. In contrast, significant differences in the change in FEV 1 and FEF 25-75% were observed between the two groups, as negative changes were observed in hairdressing apprentices, suggesting deterioration of lung function in this group. Although the incidence of BHR was higher among hairdressing apprentices than among office apprentices, the difference was not significant. The difference between methacholine slope at the final and initial phase was greater among hairdressing apprentices than among office apprentices (p = 0.04).
Determinants of respiratory symptoms and lung function
Initial phase
For all respiratory symptoms, the OR for hairdressing apprentices was less than 1 (table 3) . Multivariate analysis did not show any significant effect of group status for BHR on the methacholine challenge test. The other determinants of respiratory symptoms were smoking status with increased OR related to smoking (ex or current smokers) and the presence of atopy. Smoking status did not have any significant effect on baseline lung function values. In contrast, group status was significantly related to %FEV 1 and %FEF 25-75% , with higher values observed among hairdressing apprentices (table 4) .
Final phase
Determinants of respiratory symptoms and lung function values were examined in the same way using information collected at the final phase. The results observed at this examination were similar to those observed at the initial phase for respiratory symptoms and BHR, as hairdressing apprentices presented fewer symptoms than office apprentices (table 3) . In contrast, group status was no longer related to lung function (table 4). -, variables not entered in the model. ÀMHR: mucosal hyperresponsiveness defined in this study as the presence of one or more of the following symptoms: fit of coughing, sneezing or runny nose, eye symptoms, and acute dyspnoea. BHR: 15% fall in FEV 1 during the methacholine challenge test. 1Adjusted odds ratio and 95% confidence interval. ôAtopy defined by positive medical history of asthma or allergic rhinitis or medical history of atopic dermatitis. Information on this parameter was missing for 89 hairdressing apprentices and 61 office apprentices participating only in the final phase. Therefore, this parameter was not examined in the logistic regression models of the final phase. **Atopy not taken into account as no subject with atopy at the initial phase presented BHR at the final phase.
Table 4
Determinants of baseline lung function and methacholine slope at the initial and final cross sectional phases and change in lung function and change in methacholine slope in the longitudinal survey: multiple regression analyses* Variables with no significant effect on any of the lung function parameters were deleted from the table: smoking status and age at the initial phase, age at the final phase, and gender and age in the longitudinal survey. ÀMethacholine slope defined by the percent decline in FEV 1 divided by the final cumulative dose of methacholine administered, expressed as log(slope+0.02).
Regression coefficients and 95% confidence interval. 1Baseline lung function parameters are expressed as percentage of the reference values established by Knudson and colleagues. 8 ôAtopy defined by positive medical history of asthma or allergic rhinitis or medical history of atopic dermatitis. Information on this parameter was missing for 89 hairdressing apprentices and 61 office apprentices participating only in the final phase. Therefore, this parameter was not examined in the multiple regression models of the final phase. **D: % predicted at the final phase 2 % predicted at the initial phase.
ÀÀChange in methacholine slope defined as log(slope+0.02) at the final phase 2 log(slope+0.02) at the initial phase.
Longitudinal analysis
Multivariate analyses showed that the incidence of several respiratory symptoms (day/night cough, wheezing, dyspnoea, MHR) was related to atopy, but not to occupational group (table 3) . The incidence of BHR was significantly related to smoking habits (table 3) . Hairdressing apprentices had a significantly greater risk of deterioration of baseline lung function tests during follow up (table 4) . As the subjects participating in the longitudinal study represented only a fraction of the initial group (64% of hairdressing apprentices and 76% of office apprentices for the questionnaire study, and 50% of hairdressing apprentices and 61% of office apprentices for the lung function study), we compared the prevalence of respiratory symptoms and lung function parameters in subjects who participated in both phases of the study and in subjects who dropped out after the initial survey (table 5) . Subjects who dropped out generally presented higher frequencies of respiratory symptoms in the two groups of apprentices and hairdressing apprentices who dropped out had lower values for several baseline lung function tests than those who participated in both phases.
Working conditions
Less than half of the salons had a specific ventilated technical area.
None of the work related factors examined (frequency of permanent waving, frequency of dyeing, frequency of bleaching, hairdressing salon surface area, presence of technical area, and mechanical ventilation) were related to change in lung function parameters in hairdressing apprentices (table 6) .
DISCUSSION
This study, focusing on respiratory symptoms and lung function, showed that hairdressing apprentices were likely to be healthier than office apprentices, at least in terms of lung function. These results were found in the initial phase and in the final phase of the study. We expected to find no difference between the two groups at the beginning of apprenticeship, with possibly a higher incidence of respiratory symptoms among hairdressing apprentices than among office apprentices in the final phase. On the other hand, the significant correlation between atopic status and wheezing, dyspnoea, and mucous hyperresponsiveness at both phases of the study was only to be expected.
The longitudinal data in hairdressing apprentices compared to office apprentices, did not reveal any significant difference in the incidence of respiratory symptoms between the two groups. This could reflect denial by some hairdressing apprentices who like their occupation and did not want to leave their job. However, deterioration of lung function was observed in hairdressing apprentices compared to office apprentices. Lung function could probably be less biased than respiratory symptoms in this follow up study.
Certain methodological aspects of this study need to be discussed. In 1994, we obtained a relatively large participation rate in the two groups: 92% in hairdressing apprentices and 89% in office apprentices. Consequently, the study sample can be considered to be almost identical to the target population of these two types of apprentices.
Self selection bias of apprentices could have occurred when choosing their future occupation, or may have resulted from advice from the school physician. Apprentices with a history of allergic diseases or respiratory disorders could have chosen an occupation without exposure to irritating or allergenic agents. Such a selection bias favouring a healthy worker effect is more likely in apprentices exposed to sensitising materials with irritant properties (such as persulphates in hairdressing apprentices) than in apprentices exposed to sensitising materials with no such irritant properties (such as animal health technology or pastry making apprentices). On the other hand, people with a history of allergy could have chosen office work, as their future occupation would not involve exposure to such agents. The observed differences could not be explained by other personal factors: the sex distribution was not significantly different in the two groups; office apprentices were slightly younger than hairdressing apprentices; former and current smokers were more frequent among hairdressing apprentices. We chose office apprentices rather than university students as the control group, because they present a similar socioeconomic level to that of hairdressing apprentices. Although the training centres were located in different places, several hairdressing apprentices lived in the outskirts of Paris. There is therefore no reason to believe that the observed difference was related to the place of training. In contrast, for the longitudinal study, only 191 of 297 subjects (64%) participated in the questionnaire survey and 119 of 239 subjects (50%) completed the lung function tests among hairdressing apprentices, versus 76% (189/248) and 61% (76/124), respectively, for office apprentices. A relatively large number of subjects were lost to follow up, especially in the hairdressing apprentices group. Additional subjects enrolled in the hairdressing apprentice group and in the office apprentice group for the final phase were slightly older, but did not differ significantly from the initial groups according to gender and smoking habits.
Comparison of the hairdressing apprentices participating in both phases of the study with those lost to follow up showed that subjects lost to follow up presented a higher prevalence of respiratory symptoms with a significant difference for wheezing and atopy (table 5) . A similar pattern was observed in office apprentices for respiratory symptoms.
A selection bias was also suspected for lung function. Hairdressing apprentices had better lung function values than office apprentices at the initial examination. However, participation in lung function tests depended on group status, as 20% of subjects in the hairdressing group and 50% of the office apprentices did not participate in lung function tests. No difference in the frequency of respiratory symptoms was observed according to participation in lung function tests among hairdressing apprentices. It can therefore be assumed that lung function values of hairdressing apprentices were similar to those of the study population. In contrast, the office apprentices who participated in the lung function tests presented a higher frequency of wheezing and symptoms of mucosal hyperresponsiveness than the nonparticipants, suggesting that office apprentices with respiratory disorders preferred to have a respiratory check-up.
The lung function values of the office apprentices group were probably lower than the values that would have been observed if more subjects had participated. Moreover, hairdressing apprentices lost to follow up in the lung function study presented lower values for lung function tests than those participating in both phases, whereas no significant difference was observed between participants and subjects lost to follow up among office apprentices. These data suggest the presence of a healthy worker effect among hairdressing apprentices, although the study was unable to collect information about the reasons for leaving the apprenticeship. They are in accordance with the results reported by Leino and colleagues 11 in a study investigating the reasons for leaving the profession among Finnish hairdressers compared to commercial personnel during the period 1980-95. These authors found that the risk of leaving the profession for asthma or hand eczema was 3.5 times higher among hairdressers. Similarly, the study by Dosman and colleagues 7 showed a differential drop-out of study subjects according to atopy status in cereal grain workers.
Despite this selective drop-out, we observed a deterioration of baseline lung function tests among hairdressing apprentices during follow up. BHR also appeared to increase in hairdressing apprentices and decrease in office apprentices, as reflected by methacholine slopes. The decreased percentage of BHR among office apprentices between the initial and final cross sectional phases could be an artefact, as it was Methacholine dose-response slope, defined by the percent decline in FEV 1 divided by the final cumulative dose of methacholine administered, expressed as log(slope+0.02). Change in methacholine slope defined as log(slope+0.02) at the final phase 2 log(slope+0.02) at the initial phase. 1Answer ''no'' corresponds to the absence of a technical area or the presence of a non-ventilated technical area. ôAnswer ''no'' corresponds to the presence of a door or a window or presence of non-functioning mechanical ventilation. ''Yes'' functioning mechanical ventilation.
mainly related to a low percentage of office apprentices with BHR among the subjects who only participated in the final phase (13.5% of 38 office apprentices). Data from subjects who completed the longitudinal survey are therefore more convincing.
We observed significant differences between hairdressing apprentices and office apprentices in terms of the change in baseline lung function parameters. We should emphasise the fact that this variation was only slight and therefore probably has only limited clinical significance at the individual level, but this does not exclude the potential importance of these variations at the group level.
The difference observed between the two groups could have been influenced by the pattern of lung function change in the age categories concerned. As observed by Knudson and colleagues, 8 lung function parameters tend to decrease after the age of 20 years in females and 25 years in males. These age limits affected some of the subjects in our study during follow up. We then conducted supplementary analyses. Further multivariate analyses did not show any effect of age category in the final phase on the change in baseline lung function values (data not shown). It is therefore unlikely that our results could be explained by a difference in the age distribution between hairdressing apprentices and office apprentices.
Because methacholine challenge was performed in schools, it was decided to stop the test if a 15% decrease in FEV 1 was observed compared to the baseline value. This may have led to an overestimation of the number of subjects considered to have BHR, as a 20% decrease of FEV 1 is the criterion generally adopted for this diagnosis. In contrast, the maximum dose of methacholine used in this study was 1500 mg, and this may have led to an underestimation of the true frequency of BHR. We therefore used two parameters to describe the results of methacholine challenge: the percentage of subjects with a 15% decrease in FEV 1 and the dose-response slope. This last parameter is presumed to be less influenced by the procedure used in this study for interpretation of the results of methacholine challenge.
We examined the effect of occupational factors on changes in lung function tests among hairdressing apprentices. No significant association was observed between changes in lung function tests and frequency of exposure to persulphates (permanent waving, dyeing, bleaching) or the characteristics of hairdressing salons. This result was relatively unexpected, as previous studies have shown a relation between exposure to persulphates and incidence of asthma. 3 12 However, a relatively small proportion of the subjects reported performing bleaching at least once a day (50%) (table 6). On the other hand, the reported frequency of exposure could have been a poor indicator of inhaled dose, as many of the hairdressing salons were small (33% of salons had a surface area less than 38 m 2 ), suggesting the possibility of environmental exposure. The increased incidence of BHR in the hairdresser group in the longitudinal survey may reflect an effect of exposure to irritant materials as well as sensitisation, as some chemicals encountered by these apprentices exerted both properties (for example, persulphates).
A different distribution of smoking habits between the two groups with a higher frequency of former and current smokers in hairdressing apprentices could also be an explanation for the apparent worsening of lung function among hairdressing apprentices, although smoking status was taken into account in multivariate analyses. Cumulative smoking may have differed between the two groups, but smoking status was probably a good indicator of cumulative smoking due to the young age categories concerned.
Previous studies concerning hairdressers have shown relatively high prevalences of respiratory symptoms or respiratory disease, often significantly higher than those observed in control groups, such as office workers or sales personnel. [13] [14] [15] Most of these studies were cross sectional and did not specifically concern apprentices. Leino and colleagues 4 conducted a retrospective cohort study in 4433 female hairdressers in Finland. For the period 1980-95, the incidence of physician diagnosed asthma was 2.2 versus 1.3 per 1000 person-years and the incidence of chronic bronchitis was 1.1 versus 0.9 per 1000 person-years in hairdressers and in reference groups. The relative risk for developing asthma during the 15 year observation period was 1.7 (95% CI 1.1 to 2.5) and that for chronic bronchitis was 1.2 (95% CI 0.7 to 1.9).
In Sweden, the study by Albin and colleagues, 16 focusing on the incidence of asthma in hairdressers, showed an incidence rate of 3.9 per 1000 person-years in active hairdressers versus 3.1 per 1000 person-years among referents during the period 1970-95.
To our knowledge, our study is the first to focus on early respiratory effects in hairdressing apprentices. The development of respiratory disorders during apprenticeship has been studied in other occupations. Gautrin and colleagues 5 studied animal health technology apprentices during their training (three or four years) to investigate the development of sensitisation and disease due to high molecular weight allergens. The authors concluded that the incidence of sensitisation, symptoms, and diseases was maximal during the first 2-3 years after starting training.
Similarly, Kennedy and colleagues 6 studied airway responsiveness in apprentices exposed to metalworking fluids compared to control subjects during a two year period. While machinists and controls did not differ at the baseline test, machinists showed a significantly higher level of mean change in bronchial responsiveness than controls at subsequent follow up.
These studies tend to suggest that respiratory disorders and/or sensitisation could occur early during apprenticeship. This underlines the interest of follow up studies in apprentices in occupations associated to exposure to respiratory sensitisers.
CONCLUSION
The two cross sectional phases of our study did not provide any clear evidence of work related respiratory effects in hairdressing apprentices compared to office apprentices, but suggested a strong healthy worker effect, at least at the beginning of the study. The main finding of the longitudinal survey of hairdressing apprentices and office apprentices is the deterioration of lung function in hairdressing apprentices compared to office apprentices, with no significant difference in the incidence of respiratory symptoms between the two groups. However, there was no evidence of a link between deterioration of lung function and specific occupational activities among hairdressing apprentices. As the data suggested the presence of a healthy worker effect, the impairment of several lung function tests observed in the hairdressing group could be considered to be an early indicator of a work related adverse health effect in hairdressing apprentices. Our study highlights the need for specific respiratory surveillance of hairdressing apprentices and further studies of working conditions and chemicals handled in this occupational group.
